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Figure 2. The (m0,m1/2) planes in the CMSSM (left) and the NUHM1 (right). In each plane, different
regions are colour-coded according to the p-values found in our global fits. We note that the regions with
p > 0.05 (indicated by the green contours) extend up to m1/2 ∼ 2000 GeV in each case.

Figure 3. The (m0,m1/2) planes in the CMSSM (left) and the NUHM1 (right). In each plane we display
contours of the contributions to the global χ2 function from the observables (g − 2)µ and BR(b → sγ).

constraint for restricting the ranges of the soft
supersymmetry-breaking parameters.

In the case of BR(b → sγ), different points of
view have been taken concerning the combination
of the theoretical and experimental errors. In our
default implementation of BR(b → sγ) we add
the quoted errors in quadrature. However, it has

been argued that the theoretical error should be
regarded as an overall range of uncertainty that
cannot be treated as an effective Gaussian error
to be added in quadrature to the experimental
error. Therefore, we consider as an alternative
implementation of BR(b → sγ) the possibility
of adding linearly the theoretical and experimen-
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Overview

• Introduction

• Codes & Predictions

• Confronting Predictions with Data

• Conclusion
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Introduction
• Well known global fit to all SM data: “Blue Band Plot”
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Measurement Fit |Omeas−Ofit|/σmeas

0 1 2 3

0 1 2 3

Δαhad(mZ)Δα(5) 0.02750 ± 0.00033 0.02759
mZ [GeV]mZ [GeV] 91.1875 ± 0.0021 91.1874
ΓZ [GeV]ΓZ [GeV] 2.4952 ± 0.0023 2.4959
σhad [nb]σ0 41.540 ± 0.037 41.478
RlRl 20.767 ± 0.025 20.742
AfbA0,l 0.01714 ± 0.00095 0.01646
Al(Pτ)Al(Pτ) 0.1465 ± 0.0032 0.1482
RbRb 0.21629 ± 0.00066 0.21579
RcRc 0.1721 ± 0.0030 0.1722
AfbA0,b 0.0992 ± 0.0016 0.1039
AfbA0,c 0.0707 ± 0.0035 0.0743
AbAb 0.923 ± 0.020 0.935
AcAc 0.670 ± 0.027 0.668
Al(SLD)Al(SLD) 0.1513 ± 0.0021 0.1482
sin2θeffsin2θlept(Qfb) 0.2324 ± 0.0012 0.2314
mW [GeV]mW [GeV] 80.399 ± 0.023 80.378
ΓW [GeV]ΓW [GeV] 2.085 ± 0.042 2.092
mt [GeV]mt [GeV] 173.20 ± 0.90 173.27
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Introduction
• Well known global fit to all SM data: “Blue Band Plot”

• Assumption for the fit :
SM including Higgs boson
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at 95% CL
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MasterCode
• Main idea:  do the “same” in Supersymmetry
• Combine all existing data

• Electroweak precision observables (EWPO)

• Flavour physics observables (BPO)

• Cold dark matter observables (CDM)

• Low Energy observables (g-2)

• Direct Searches!
• LHC 

• XENON100

• Predict
• best-fit model space points

• ranges for Higgs masses

• ranges for SM parameters

• ranges for SUSY masses (exclusion, reach, interpretation)

• Important!  “Red Band” instead of  “Blue Band” ;-)
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Figure 23. The χ 2
functions for the supersymmetric contributions to Ω

χh 2
in the CMSSM (left) and

the NUHM1 (right), as calculated using the other constraints except Ω
χh 2

itself (solid line), and with all

constraints included (dashed line).
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Figure 24. The χ 2
functions for M

h in the CMSSM (left) and the NUHM1 (right), including the theoretical

uncertainties (red bands). Also shown is the mass range excluded for a SM-like Higgs boson (yellow

shading), and the ranges theoretically inaccessible in the supersymmetric models studied.

indicating that the predictions are relatively ro-

bust and do not depend strongly on the details of

the Higgs sector.
We have presented details of the likelihood

functions for individual sparticle masses and the

correlations between them.
As noted in [4],

the particle spectra are similar in the two mod-

els, the most prominent differences being in the

masses of the heavier Higgs bosons A,H and H ±
,

which are lighter in the NUHM1, and the heav-

ier neutralinos and chargino, which are lighter in

the CMSSM. These differences reflect the greater

freedom in varying the parameters of the Higgs

sector in the NUHM1. The favoured values of

CMSSM
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MasterCode
• Combines diverse set of  tools

• different codes : all state-of-the-art 
• Electroweak Precision (FeynWZ)

• Flavour (SuFla, micrOMEGAs)

• Cold Dark Matter (DarkSUSY, micrOMEGAs)

• Other low energy (FeynHiggs)

• Higgs (FeynHiggs)

• different precisions (one-loop, two-loop, etc)

• different languages (Fortran, C++, English, 
German, Italian, etc)

• different people (theorists, experimentalists)

• Compatibility is crucial!  Ensured by 
• close collaboration of  tools authors

• standard interfaces
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Model parameters:
e.g. m0, 1/2, A0, tanβ, etc

Spectrum calculators

SoftSUSY SuSpect

SLHA

Predictors
Higgs Sector

FeynHiggs

Cosmology

MicrOMEGAs
DarkSUSY

Flavour Phys.

SuFla
MicrOMEGAs

EWK Physics

FeynWZ

St
ee

rin
g 

C
od

e

Predictions

Expt. Data
χ2

consistent use of  most-up-to-date tools crucial for precision studies
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List of  Observables
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Flavour and Low Energy Observables

Light Higgs Sector

Electroweak Observables

Dark Matter Observables Standard Model Parameters

LHC High Energy Observables

More than 30 different observables used



Model Parameters Boundary Conditions

CMSSM m0, m1/2, A0, tan(�), sign(µ) Unification +

VCMSSM m0, m1/2, A0, sign(µ) B0 = A0 �m0

mSUGRA m0, m1/2, A0, sign(µ) B0 = A0 �m0

NUHM1 m0, m1/2, A0, m2
H1,2

, sign(µ) m1,2 = m0 +�mH1,2

08.29.2011

Models Covered
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Constructing the χ2

9

• N  is number of  observables studied
• M  is number of  SM parameters:  fSMi = Δαhad, mt, mZ

• Ci  are experimentally measured values (constraint)
• Pi  are MSSM parameter-dependent predictions
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Constructing the χ2
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• Fit Methods (globally over all model parameters!)
• Markov Chain Monte Carlo (MCMC)

• Actually used as a mere sampling method (sampling density not used)

• success and failure of  the steps defined by the χ2

• χ2 fit: Minuit minimisation
• used for “scans” or in conjunction with MCMCs to get overall best minimum
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• Fit Methods (globally over all model parameters!)
• Markov Chain Monte Carlo (MCMC)

• Actually used as a mere sampling method (sampling density not used)

• success and failure of  the steps defined by the χ2

• χ2 fit: Minuit minimisation
• used for “scans” or in conjunction with MCMCs to get overall best minimum

• Afterburners
• χ2 terms additive        effects therefore also additive

• Study effect of  “interesting” (g-2, b→sγ, Ωh2, etc) observables!
• sample space without “interesting” terms        larger, more general sampling

• a posteriori add “interesting” terms after general sampling 

• Only need to sample multi-d space once!   Enormous cost savings to due RGEs
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Figure 1. The ∆χ2 functions in the (m0, m1/2) planes for the CMSSM (left plot) and for the NUHM1
(right plot). We see that the coannihilation regions at low m0 and m1/2 are favoured in both cases.
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Figure 2. The likelihood functions for m0 in the CMSSM (left plot) and in the NUHM1 (right plot). The
χ2 values are shown including (excluding) the (g − 2)µ constraint as the solid (dashed) curves.

the focus-point region is disfavoured by (g − 2)µ,
but also by MW , and that the contributions of
the other observables fail to overcome this dis-
advantage. Indeed, many of the other observ-
ables favour independently the coannihilation re-
gion, e.g., BR(Bu → τντ ), A"(SLD) 10 and R"

10We note, however, that within the SM there is signifi-
cant tension between the experimental value of A!(SLD)

— though the difference here is relatively small.
Only Mh and BR(b → sγ) and Afb(b)(LEP)
favour the FP region, but not with high signif-
icance.

and Afb(b)(LEP), and that this tension is not reduced sig-
nificantly in the CMSSM or NUHM1, see also [69].
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Figure 1. The ∆χ2 functions in the (m0, m1/2) planes for the CMSSM (left plot) and for the NUHM1
(right plot). We see that the coannihilation regions at low m0 and m1/2 are favoured in both cases.
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χ2 values are shown including (excluding) the (g − 2)µ constraint as the solid (dashed) curves.

the focus-point region is disfavoured by (g − 2)µ,
but also by MW , and that the contributions of
the other observables fail to overcome this dis-
advantage. Indeed, many of the other observ-
ables favour independently the coannihilation re-
gion, e.g., BR(Bu → τντ ), A"(SLD) 10 and R"

10We note, however, that within the SM there is signifi-
cant tension between the experimental value of A!(SLD)

— though the difference here is relatively small.
Only Mh and BR(b → sγ) and Afb(b)(LEP)
favour the FP region, but not with high signif-
icance.

and Afb(b)(LEP), and that this tension is not reduced sig-
nificantly in the CMSSM or NUHM1, see also [69].
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the focus-point region is disfavoured by (g − 2)µ,
but also by MW , and that the contributions of
the other observables fail to overcome this dis-
advantage. Indeed, many of the other observ-
ables favour independently the coannihilation re-
gion, e.g., BR(Bu → τντ ), A"(SLD) 10 and R"

10We note, however, that within the SM there is signifi-
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Figure 23. The χ2 functions for the supersymmetric contributions to Ωχh2 in the CMSSM (left) and
the NUHM1 (right), as calculated using the other constraints except Ωχh2 itself (solid line), and with all
constraints included (dashed line).

 [GeV]hM
90 100 110 120 130 140

2 χ
Δ

0

0.5

1

1.5

2

2.5

3

3.5

4

excluded
LEP

inaccessible
Theoretically

 [GeV]hM
90 100 110 120 130 140

2 χ
Δ

0

0.5

1

1.5

2

2.5

3

3.5

4

 [GeV]hM
90 100 110 120 130 140

2 χ
Δ

0

0.5

1

1.5

2

2.5

3

3.5

4

excluded
LEP

inaccessible
Theoretically

 [GeV]hM
90 100 110 120 130 140

2 χ
Δ

0

0.5

1

1.5

2

2.5

3

3.5

4

Figure 24. The χ2 functions for Mh in the CMSSM (left) and the NUHM1 (right), including the theoretical
uncertainties (red bands). Also shown is the mass range excluded for a SM-like Higgs boson (yellow
shading), and the ranges theoretically inaccessible in the supersymmetric models studied.

indicating that the predictions are relatively ro-
bust and do not depend strongly on the details of
the Higgs sector.

We have presented details of the likelihood
functions for individual sparticle masses and the
correlations between them. As noted in [4],
the particle spectra are similar in the two mod-

els, the most prominent differences being in the
masses of the heavier Higgs bosons A, H and H±,
which are lighter in the NUHM1, and the heav-
ier neutralinos and chargino, which are lighter in
the CMSSM. These differences reflect the greater
freedom in varying the parameters of the Higgs
sector in the NUHM1. The favoured values of
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Figure 23. The χ2 functions for the supersymmetric contributions to Ωχh2 in the CMSSM (left) and
the NUHM1 (right), as calculated using the other constraints except Ωχh2 itself (solid line), and with all
constraints included (dashed line).
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Figure 24. The χ2 functions for Mh in the CMSSM (left) and the NUHM1 (right), including the theoretical
uncertainties (red bands). Also shown is the mass range excluded for a SM-like Higgs boson (yellow
shading), and the ranges theoretically inaccessible in the supersymmetric models studied.

indicating that the predictions are relatively ro-
bust and do not depend strongly on the details of
the Higgs sector.

We have presented details of the likelihood
functions for individual sparticle masses and the
correlations between them. As noted in [4],
the particle spectra are similar in the two mod-

els, the most prominent differences being in the
masses of the heavier Higgs bosons A, H and H±,
which are lighter in the NUHM1, and the heav-
ier neutralinos and chargino, which are lighter in
the CMSSM. These differences reflect the greater
freedom in varying the parameters of the Higgs
sector in the NUHM1. The favoured values of

CMSSM NUHM1
25 million points sampled 25 million points sampled

SM Prediction: mH = 92+34
�26 GeV

CMSSM NUHM1



• ATLAS + CMS Direct Searches
• Combination of

• CMS     1.1 fb-1     (αT)

• ATLAS 1.0 fb-1     (0-lepton)

• Assume

then

• For each point in (m0, m1/2) take
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Result interpretation (2) 

• Results interpreted in 
mSUGRA/CMSSM (A0 = 
0, tanβ = 10, μ>0)

• Limit in large m0 region 
p r o fi t s f r o m t h e 
introduction of signal 
regions with large jet 
multiplicities. 

• Equa l squa rk -g lu i no 
masses excluded below 
980 GeV

14
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• For fixed values of  MA Assume

• Assume

• Now, in the region of  interest

• Hence, 
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Confronting SUSY with LHC
• LHCb

• BR(Bs→μμ) < 1.5 x 10-8 at 95% CL

• CMS
• BR(Bs→μμ) < 1.9 x 10-8 at 95% CL

• CDF
• BR(Bs→μμ) = (1.8+1.1) x 10-8 at 95% CL

• BR(Bs→μμ) < 4.0 x 10-8 at 95% CL

• Some tension with CMS, LHCb
• but still compatible

• Use combined CMS + LHCb
• BR(Bs→μμ) < 1.08 x 10-8 at 95% CL

• Δχ2 corresponds to full likelihood
• global minimum close to Standard Model value
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The uncertainty on the ⇡-nucleon �
term is also accounted for, where we
look at both

I ⌃⇡N = 50± 14 I ⌃⇡N = 64± 8

I Construct likelihood
model for event numbers
using CLs method

I Close to a Gaussian with
µ = 1.2, � = 3.2

I 90% CL corresponds to
6.1 events, rescale from
contour (left)

I The excess in the Xenon
experiments leads to a
contribution �2 ⇠ 0.3 for
small �SI

p

S. Rogerson
Global SUSY Fits with the MasterCode Framework

10

08.29.2011

Confronting SUSY with XENON100
• Construct likelihood

model for event numbers
using CLs method
• Close to a Gaussian

with μ = 1.2, σ = 3.2

• 90% CL corresponds to
6.1 events, rescale from
contour (right)

• The excess observed in XENON100 leads to a 
contribution of  χ2 = 0.3 for small σSI

p

• The uncertainty on the π-nucleon σ term is also taken into 
account; we look at both
• ΣπN = 50 ± 14

• ΣπN = 64 ± 8

19



Parameter Spaces

]2 [GeV/c0m
0 100 200 300 400 500 600 700 800 900 1000

]
2

 [
G

e
V

/c
1
/2

m

0

100

200

300

400

500

600

700

800

900

1000

VCMSSM

]2 [GeV/c0m
0 100 200 300 400 500 600 700 800 900 1000

]
2

 [
G

e
V

/c
1
/2

m

0

100

200

300

400

500

600

700

800

900

1000

mSUGRA

S. Rogerson
Global SUSY Fits with the MasterCode Framework

17

Parameter Spaces

]2 [GeV/c0m
0 100 200 300 400 500 600 700 800 900 1000

]
2

 [
G

e
V

/c
1

/2
m

0

100

200

300

400

500

600

700

800

900

1000

VCMSSM

]2 [GeV/c0m
0 100 200 300 400 500 600 700 800 900 1000

]
2

 [
G

e
V

/c
1

/2
m

0

100

200

300

400

500

600

700

800

900

1000

mSUGRA

S. Rogerson
Global SUSY Fits with the MasterCode Framework

17

Model Min �2 Prob m1/2 m0 A0 tan�
VCMSSM 22.5 31% 300 60 30 9

post-LHC/XENON100 27.1 13% 390 90 70 11
mSUGRA 29.4 6.1% 550 230 430 28

post-LHC/XENON100 30.9 5.7% 550 230 430 28
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2010 ATLAS + CMS with 36 pb-1 of  LHC Data

VCMSSM mSUGRA
60 million points sampled 60 million points sampled

VCMSSM mSUGRA



Parameter Spaces

]2 [GeV/c0m
0 100 200 300 400 500 600 700 800 900 1000

]
2

 [
G

e
V

/c
1

/2
m

0

100

200

300

400

500

600

700

800

900

1000

NUHM1

]2 [GeV/c0m
0 100 200 300 400 500 600 700 800 900 1000

]
2

 [
G

e
V

/c
1

/2
m

0

100

200

300

400

500

600

700

800

900

1000

CMSSM

S. Rogerson
Global SUSY Fits with the MasterCode Framework

16

Parameter Spaces

]2 [GeV/c0m
0 100 200 300 400 500 600 700 800 900 1000

]
2

 [
G

e
V

/c
1

/2
m

0

100

200

300

400

500

600

700

800

900

1000

NUHM1

]2 [GeV/c0m
0 100 200 300 400 500 600 700 800 900 1000

]
2

 [
G

e
V

/c
1

/2
m

0

100

200

300

400

500

600

700

800

900

1000

CMSSM

S. Rogerson
Global SUSY Fits with the MasterCode Framework

16
08.29.2011

Post-LHC, Post-XENON100

21

2010 ATLAS + CMS with 36 pb-1 of  LHC Data

Pre
Post

Pre
Post

CMSSM NUHM1
60 million points sampled 70 million points sampled
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2010 ATLAS + CMS with 36 pb-1 of  LHC Data
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Figure 1. The (m0,m1/2) planes in the CMSSM (left) and the NUHM1 (right). In each plane, the best-fit
point after incorporation of the 2011 LHC constraints is indicated by a filled green star, and the previous
2010 LHC fit [8] by an open star. The 68 and 95% CL regions are indicated by red and blue contours,
respectively, the solid lines including the 2011 LHC data and the dotted lines showing the previous 2010
LHC fits.

Model Minimum Probability m1/2 m0 A0 tanβ Mh (GeV)

χ2/dof (GeV) (GeV) (GeV) (no LEP)

CMSSM 2011 LHC 22.5/19 26% 310+120
−50 60+90

−10 −60+410
−840 10+10

−4 108.6

τ for (g − 2)µ 26.1/19 13% 470+140
−70 170+330

−80 −780+1410
−820 22+27

−13 115.7

Linear ∆ BR(b → sγ) 26.2/20 16% 470+140
−70 170+330

−80 −780+1410
−820 22+27

−13 115.7

Both 26.2/20 16% 480+− 100+− -900 10+− ??

NUHM1 2011 LHC 20.5/17 25% 240+150
−50 100+70

−40 920+360
−1260 7+11

−2 119.4

τ for (g − 2)µ 24.1/18 15% 530+220
−90 110+80

−20 −370+1070
−1000 27+24

−10 117.9

Linear ∆ BR(b → sγ) 24.2/19 19% 530+220
−90 110+80

−20 −370+1070
−1000 27+24

−10 117.9

Both 24.8/19 17% 490+− 100+− -540 25+− ??

Table 1. Comparison of the best-fit points found in the CMSSM and NUHM1, using the standard imple-
mentations of the (g − 2)µand BR(b → sγ) constraints, followed by variant implementations of (g − 2)µ
(using τ decay data to evaluate the Standard Model contribution [38]) and BR(b → sγ) (adding linearly
the theoretical and experimental errors), and implementing both variants.

χ2 for the Standard Model is 34.3 (22.2), and the
p-value is ?? (??). We observe that the p-value
for the CMSSM is not much less than that for the
Standard Model. We also note that one of the
big contributors to the global χ2 functions for all
the models is Afb(b), which contributes ∆χ2 ∼ 7
to each of the fits. If this is dropped from the
list of observables, the minimum χ2 values of the
CMSSM (NUHM1) (Standard Model) fall to ??

(??) (15.5), respectively, and their p-values rise
to ?? (??) (??), if we drop (g − 2)µ from the
Standard Model evaluation.
We apply the F-test to testing the utility of

adding one or several parameters to a model fit
of data. Given a set of data comprising N observ-
ables and a model using m parameters, one may
compute χ2(m) for N −m degrees of freedom. In
general, adding r parameters enables χ2(m+r) to
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Figure 1. The (m0,m1/2) planes in the CMSSM (left) and the NUHM1 (right). In each plane, the best-fit
point after incorporation of the 2011 LHC constraints is indicated by a filled green star, and the previous
2010 LHC fit [8] by an open star. The 68 and 95% CL regions are indicated by red and blue contours,
respectively, the solid lines including the 2011 LHC data and the dotted lines showing the previous 2010
LHC fits.

Model Minimum Probability m1/2 m0 A0 tanβ Mh (GeV)

χ2/dof (GeV) (GeV) (GeV) (no LEP)

CMSSM 2011 LHC 22.5/19 26% 310+120
−50 60+90

−10 −60+410
−840 10+10

−4 108.6

τ for (g − 2)µ 26.1/19 13% 470+140
−70 170+330

−80 −780+1410
−820 22+27

−13 115.7

Linear ∆ BR(b → sγ) 26.2/20 16% 470+140
−70 170+330

−80 −780+1410
−820 22+27

−13 115.7

Both 26.2/20 16% 480+− 100+− -900 10+− ??

NUHM1 2011 LHC 20.5/17 25% 240+150
−50 100+70

−40 920+360
−1260 7+11

−2 119.4

τ for (g − 2)µ 24.1/18 15% 530+220
−90 110+80

−20 −370+1070
−1000 27+24

−10 117.9

Linear ∆ BR(b → sγ) 24.2/19 19% 530+220
−90 110+80

−20 −370+1070
−1000 27+24

−10 117.9

Both 24.8/19 17% 490+− 100+− -540 25+− ??

Table 1. Comparison of the best-fit points found in the CMSSM and NUHM1, using the standard imple-
mentations of the (g − 2)µand BR(b → sγ) constraints, followed by variant implementations of (g − 2)µ
(using τ decay data to evaluate the Standard Model contribution [38]) and BR(b → sγ) (adding linearly
the theoretical and experimental errors), and implementing both variants.

χ2 for the Standard Model is 34.3 (22.2), and the
p-value is ?? (??). We observe that the p-value
for the CMSSM is not much less than that for the
Standard Model. We also note that one of the
big contributors to the global χ2 functions for all
the models is Afb(b), which contributes ∆χ2 ∼ 7
to each of the fits. If this is dropped from the
list of observables, the minimum χ2 values of the
CMSSM (NUHM1) (Standard Model) fall to ??

(??) (15.5), respectively, and their p-values rise
to ?? (??) (??), if we drop (g − 2)µ from the
Standard Model evaluation.
We apply the F-test to testing the utility of

adding one or several parameters to a model fit
of data. Given a set of data comprising N observ-
ables and a model using m parameters, one may
compute χ2(m) for N −m degrees of freedom. In
general, adding r parameters enables χ2(m+r) to

2011 ATLAS + CMS with 1 fb-1 of  LHC Data
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Figure 1. The (m0,m1/2) planes in the CMSSM (left) and the NUHM1 (right). In each plane, the best-fit
point after incorporation of the 2011 LHC constraints is indicated by a filled green star, and the previous
2010 LHC fit [8] by an open star. The 68 and 95% CL regions are indicated by red and blue contours,
respectively, the solid lines including the 2011 LHC data and the dotted lines showing the previous 2010
LHC fits.

Model Minimum Probability m1/2 m0 A0 tanβ Mh (GeV)

χ2/dof (GeV) (GeV) (GeV) (no LEP)

CMSSM 2011 LHC 22.5/19 26% 310+120
−50 60+90

−10 −60+410
−840 10+10

−4 108.6

τ for (g − 2)µ 26.1/19 13% 470+140
−70 170+330

−80 −780+1410
−820 22+27

−13 115.7

Linear ∆ BR(b → sγ) 26.2/20 16% 470+140
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−13 115.7

Both 26.2/20 16% 480+− 100+− -900 10+− ??

NUHM1 2011 LHC 20.5/17 25% 240+150
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−2 119.4

τ for (g − 2)µ 24.1/18 15% 530+220
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−10 117.9

Linear ∆ BR(b → sγ) 24.2/19 19% 530+220
−90 110+80

−20 −370+1070
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Both 24.8/19 17% 490+− 100+− -540 25+− ??

Table 1. Comparison of the best-fit points found in the CMSSM and NUHM1, using the standard imple-
mentations of the (g − 2)µand BR(b → sγ) constraints, followed by variant implementations of (g − 2)µ
(using τ decay data to evaluate the Standard Model contribution [38]) and BR(b → sγ) (adding linearly
the theoretical and experimental errors), and implementing both variants.

χ2 for the Standard Model is 34.3 (22.2), and the
p-value is ?? (??). We observe that the p-value
for the CMSSM is not much less than that for the
Standard Model. We also note that one of the
big contributors to the global χ2 functions for all
the models is Afb(b), which contributes ∆χ2 ∼ 7
to each of the fits. If this is dropped from the
list of observables, the minimum χ2 values of the
CMSSM (NUHM1) (Standard Model) fall to ??

(??) (15.5), respectively, and their p-values rise
to ?? (??) (??), if we drop (g − 2)µ from the
Standard Model evaluation.
We apply the F-test to testing the utility of

adding one or several parameters to a model fit
of data. Given a set of data comprising N observ-
ables and a model using m parameters, one may
compute χ2(m) for N −m degrees of freedom. In
general, adding r parameters enables χ2(m+r) to
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Figure 1. The (m0,m1/2) planes in the CMSSM (left) and the NUHM1 (right). In each plane, the best-fit
point after incorporation of the 2011 LHC constraints is indicated by a filled green star, and the previous
2010 LHC fit [8] by an open star. The 68 and 95% CL regions are indicated by red and blue contours,
respectively, the solid lines including the 2011 LHC data and the dotted lines showing the previous 2010
LHC fits.

Model Minimum Probability m1/2 m0 A0 tanβ Mh (GeV)

χ2/dof (GeV) (GeV) (GeV) (no LEP)

CMSSM 2011 LHC 22.5/19 26% 310+120
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Both 26.2/20 16% 480+− 100+− -900 10+− ??
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Table 1. Comparison of the best-fit points found in the CMSSM and NUHM1, using the standard imple-
mentations of the (g − 2)µand BR(b → sγ) constraints, followed by variant implementations of (g − 2)µ
(using τ decay data to evaluate the Standard Model contribution [38]) and BR(b → sγ) (adding linearly
the theoretical and experimental errors), and implementing both variants.

χ2 for the Standard Model is 34.3 (22.2), and the
p-value is ?? (??). We observe that the p-value
for the CMSSM is not much less than that for the
Standard Model. We also note that one of the
big contributors to the global χ2 functions for all
the models is Afb(b), which contributes ∆χ2 ∼ 7
to each of the fits. If this is dropped from the
list of observables, the minimum χ2 values of the
CMSSM (NUHM1) (Standard Model) fall to ??

(??) (15.5), respectively, and their p-values rise
to ?? (??) (??), if we drop (g − 2)µ from the
Standard Model evaluation.
We apply the F-test to testing the utility of

adding one or several parameters to a model fit
of data. Given a set of data comprising N observ-
ables and a model using m parameters, one may
compute χ2(m) for N −m degrees of freedom. In
general, adding r parameters enables χ2(m+r) to

CMSSM NUHM1
60 million points sampled 70 million points sampled

Red and blue curves represent Δχ2 from global minimum, located at 

Preferred region “opens up” at cost of  worsening global χ2 value!
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Model Min �2 Prob m1/2 m0 A0 tan�
CMSSM 22.5 26% 310 60 -60 10

post-LHC/XENON100 29.3 11% 730 420 -1100 40
NUHM1 20.5 25% 310 60 -60 10

post-LHC/XENON100 27.3 13% 690 160 -880 33
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Figure 2. The (m0,m1/2) planes in the CMSSM (left) and the NUHM1 (right). In each plane, different
regions are colour-coded according to the p-values found in our global fits. We note that the regions with
p > 0.05 (indicated by the green contours) extend up to m1/2 ∼ 2000 GeV in each case.

Figure 3. The (m0,m1/2) planes in the CMSSM (left) and the NUHM1 (right). In each plane we display
contours of the contributions to the global χ2 function from the observables (g − 2)µ and BR(b → sγ).

constraint for restricting the ranges of the soft
supersymmetry-breaking parameters.

In the case of BR(b → sγ), different points of
view have been taken concerning the combination
of the theoretical and experimental errors. In our
default implementation of BR(b → sγ) we add
the quoted errors in quadrature. However, it has

been argued that the theoretical error should be
regarded as an overall range of uncertainty that
cannot be treated as an effective Gaussian error
to be added in quadrature to the experimental
error. Therefore, we consider as an alternative
implementation of BR(b → sγ) the possibility
of adding linearly the theoretical and experimen-
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constraint for restricting the ranges of the soft
supersymmetry-breaking parameters.

In the case of BR(b → sγ), different points of
view have been taken concerning the combination
of the theoretical and experimental errors. In our
default implementation of BR(b → sγ) we add
the quoted errors in quadrature. However, it has

been argued that the theoretical error should be
regarded as an overall range of uncertainty that
cannot be treated as an effective Gaussian error
to be added in quadrature to the experimental
error. Therefore, we consider as an alternative
implementation of BR(b → sγ) the possibility
of adding linearly the theoretical and experimen-
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Figure 12. The 68% and 95% CL contours (red and blues, respectively) in the CMSSM (left) and the
NUHM1 (right). The solid lines are for fits including all the 2011 LHC data, whereas the dotted lines
include only the 2010 LHC and XENON100 data [8].
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mg̃ = 1080+320
�100 GeV mg̃ = 1200+400

�200 GeV
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• mSUGRA, VCMSSM
• With 1fb-1, essentially excluded at 95% CL

• CMSSM, NUHM1
• With 36 pb-1, 

• gluino masses already preferred above TeV level
• With 1 fb-1, still alive at the 10% level:

• Tension between post-LHC reality high (m0,m1/2) 
                       and pre-LHC preferred low (m0,m1/2)

• Tension partly compensated by higher tanβ 

• Lower preferred σSI and higher LSP mass

• Lightest Higgs mass now preferred above LEP limit
p
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CMSSM NUHM1
60 million points sampled 70 million points sampled

2010 ATLAS + CMS with 36 pb-1 of  LHC Data


